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METHODS AND APPARATUS FOR 
IDENTIFYING RELATED NODES IN A 

DIRECTED GRAPH HAVING NAMED ARCS 

This application is a continuation of US. patent applica 
tion Ser. No. 10/680,049, ?led Oct. 7, 2003, entitled “Meth 
ods and Apparatus for Identifying Related Nodes In A 
Directed Graph Having Named Arcs”, Which claims the ben 
e?t of priority of US. Provisional Application No. 60/416, 
616, ?led Oct. 7, 2002, entitled “Methods And Apparatus For 
Identifying Related Nodes In A Directed Graph Having 
Named Arcs,” the teachings of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

The invention pertains to digital data processing and, more 
particularly, to methods and apparatus for identifying subsets 
of related data in a data set. The invention has application, for 
example, in enterprise business visibility and insight using 
real-time reporting tools. 

It is not uncommon for a single company to have several 
database systemsiseparate systems not interfacedito track 
internal and external planning and transaction data. Such 
systems might have been developed at different times 
throughout the history of the company and are therefore of 
differing generations of computer technology. For example, a 
marketing database system tracking customers may be ten 
years old, While an enterprise resource planning (ERP) sys 
tem tracking inventory might be tWo or three years old. Inte 
gration betWeen these systems is dif?cult at best, consuming 
specialized programming skill and constant maintenance 
expenses. 
A major impediment to enterprise business visibility is the 

consolidation of these disparate legacy databases With one 
another and With neWer databases. For instance, inventory 
on-hand data gleaned from a legacy ERP system may be 
dif?cult to combine With customer order data gleaned from 
Web servers that support e-commerce (and other Web-based) 
transactions. This is not to mention di?iculties, for example, 
in consolidating resource scheduling data from the ERP sys 
tem With the forecasting data from the marketing database 
system. 
Even Where data from disparate databases can be consoli 

dated, e. g., through data mining, directed queries, brute-force 
conversion and combination, or otherwise, it may be di?icult 
(if not impossible) to use. For example, the manager of a 
corporate marketing campaign may be Wholly unable to iden 
tify relevant customers from a listing of tens, hundreds or 
even thousands of pages of consolidated corporate ERP, 
e-commerce, marketing and other data. 
An object of this invention is to provide improved methods 

and apparatus for digital data processing and, more particu 
larly, for identifying subsets of related data in a data set. 
A related object is to provide such methods and apparatus 

as facilitate enterprise business visibility and insight. 
A further object is to provide such methods and apparatus 

as can rapidly identify subsets of related data in a data set, 
e.g., in response to user directives or otherWise. 

A further object of the invention is to provide such methods 
and apparatus as can be readily and inexpensively imple 
mented. 

SUMMARY OF THE INVENTION 

The foregoing are among the objects attained by the inven 
tion Which provides, in one aspect, a method for identifying 
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2 
related data in a directed graph, such as an RDF data set. A 
“?rst” stepithough the steps are not necessarily executed in 
sequential orderiincludes identifying (or marking) as 
related data expressly satisfying a criteria (e.g., speci?ed by a 
user). A “secon ” step includes identifying as related ances 
tors of any data identi?ed as related, e.g., in the ?rst step, 
unless that ancestor con?icts With the criteria. A “third” step 
of the method is identifying descendents of any data identi 
?ed, e.g., in the prior steps, unless that descendent con?icts 
With the criteria or has a certain relationship With the ancestor 
from Which it descends. The methods generates, e. g., as out 
put, an indication of each of the nodes identi?ed as related in 
these steps. 
By Way of example, in the ?rst step, a method according to 

this aspect of the invention can identify nodes in the directed 
graph that explicitly match a criteria in the form 
?eld1 qlaluel, Where ?eld1 is a characteristic (or attribute) of 
one or more of the nodes and value1 is a value of the speci?c 
characteristic (or attribute). Of course, criteria are speci?c to 
the types of data in the data set and can be more complex, 
including for example, Boolean expressions and operators, 
Wildcards, and so forth. Thus, for example, a criteria of a data 
set composed of RDF triples might be of the form 
predicateICTO and object:Colin, Which identi?es, as 
related, triples having a predicate “CTO” and an object 
“Colin.” 
By Way of further example, in second step, the method 

“Walks” up the directed graph from each node identi?ed as 
related in ?rst step (or any of the steps) to ?nd ancestor nodes. 
Each of these is identi?ed as related unless it con?icts With the 
criteria. To continue the example, if the ?rst step marks as 
related a ?rst RDF triple that matches the criteria 
predicateICTO and object:Colin, the second step marks as 
related a second, parent triple Whose object is the subject of 
the ?rst triple, unless that second (or parent) triple otherWise 
con?icts With the criteria, e. g., has another object specifying 
that Dave is the CTO. 
By Way of further example, in the third step, the method 

Walks doWn the directed graph from each node identi?ed in 
the previously described steps (or any of the steps) to ?nd 
descendent nodes. Each of these is identi?ed as related unless 
(i) it con?icts With the criteria or (ii) its relationship With the 
ancestor from Which Walking occurs is of the same type as the 
relationship that ancestor has With a child, if any, from Which 
the ancestor Was identi?ed by operation of the second step. To 
continue the example, if the ?rst step marks as related a ?rst 
RDF triple that matches the criteria predicateICTO and 
obj ect:Colin and the second step marks as related a second, 
parent triple Whose object is the subject of the ?rst triple via 
a predicate relationship “Subsidiary,” the third step marks as 
related a third, descendent triple Whose subject is the object of 
the second, parent triple, unless that descendent triple con 
?icts With the criteria (e.g., has a predicate-object pair speci 
fying that Dave is the CTO) or unless its relationship With the 
parent triple is also de?ned by a predicate relationship of type 
“Subsidiary.” 
As evident in the discussion above, according to some 

aspects of the invention, the data are de?ned by RDF triples 
and the nodes by subjects (or resource-type objects) of those 
triples. In other aspects, the data and nodes are of other data 
typesiincluding, for example, meta directed graph data (of 
the type de?ned in one of the aforementioned incorporated 
by-reference applications) Where a node represents a plurality 
of subj ects each sharing a named relationship With a plurality 
of objects represented by a node. 

Still further aspects of the invention provide methods as 
described above in Which the so-called ?rst, second and third 
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steps are executed in parallel, e.g., as by an expert system 
rule-engine. In other aspects, the steps are executed in series 
and/ or iteratively. 

In still further aspects of the invention, the invention pro 
vides methods for identifying related data in a directed graph 
by exercising only the ?rst and second aforementioned steps. 
Other aspects provide such methods in Which only the ?rst 
and third such steps are exercised. 

Still other aspects of the invention provide methods as 
described above in Which the directed graph is made up of, at 
least in part, a data ?oW, eg of the type containing transac 
tional or enterprise data. Related aspects provide such meth 
ods in Which the steps are executed on a ?rst portion of a 
directed graph and, then, separately on a second portion of the 
directed graph, e.g., as Where the second portion re?ects 
updates to a data set represented by the ?rst portion. 

These and other aspects are evident in the draWings and in 
the description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the invention may be 
attained by reference to the draWings, in Which: 

FIG. 1 is a block diagram of a system according to the 
invention for identifying related data in a data set; 

FIG. 2 depicts a data set suitable for processing by a meth 
ods and apparatus according to the invention; 

FIGS. 3-5 depict operation of the system of FIG. 1 on the 
data set of FIG. 2 With different criteria. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

FIG. 1 depicts a system 8 according to the invention for 
identifying and/or generating (collectively, “identifying”) a 
subset of a directed graph, namely, that subset matching or 
related to a criteria. The embodiment (and, more generally, 
the invention) is suited for use inter alia in generating subsets 
of RDF data sets consolidated from one or more data sources, 
e.g., in the manner described in the folloWing copending, 
commonly assigned application, the teachings of Which are 
incorporated herein by reference 
US. patent application Ser. No. 09/917,264, ?led Jul. 27, 

2001, entitled “Methods and Apparatus for Enterprise Appli 
cation Integration,” 
US. patent application Ser. No. 10/051,619, ?led Oct. 29, 

2001, entitled “Methods And Apparatus For Real-time Busi 
ness Visibility Using Persistent Schema-less Data Storage,” 
US. Patent Application Number Ser. No. 60/332,219, ?led 

Nov. 21, 2001, entitled “Methods And Apparatus For Calcu 
lation And Reduction Of Time-series Metrics From Event 
Streams Or Legacy Databases In A System For Real-time 
Business Visibility,” and 
US. PatentApplication Number Ser. No. 60/332,053, ?led 

Nov. 21, 2001 , entitled “Methods And Apparatus For Query 
ing A Relational Database Of RDF Triples In A System For 
Real-time Business Visibility.” 

The embodiment (and, again, more generally, the inven 
tion) is also suited inter alia for generating subsets of “meta” 
directed graphs of the type described in copending, com 
monly assigned application US. patent application Ser. No. 
10/138,725, ?led May 3, 2002, entitled “Methods And Appa 
ratus for Visualizing Relationships Among Triples of 
Resource Description Framework (RDF) Data Sets,” the 
teachings of Which are incorporated herein by reference. 

The illustrated system 8 includes a module 12 that executes 
a set of rules 18 With respect to a set of facts 16 representing 
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4 
criteria in order to generate a subset 20 of a set of facts 10 
representing an input data set, Where that sub set 20 represents 
those input data facts that match the criteria or are related 
thereto. For simplicity, in the discussion that folloWs the set of 
facts 16 representing criteria are referred to as “criteria” or 
“criteria 16,” While the set of facts 10 representing data are 
referred to as “data” or “data 10.” The illustrated system 8 is 
implemented on a general- or special-purpose digital data 
processing system, e.g., a Workstation, server, mainframe or 
other digital data processing system of the type convention 
ally available in the marketplace, con?gured and operated in 
accord With the teachings herein. Though not shoWn in the 
draWing, the digital data processing system can be coupled 
for communication With other such devices, e.g., via a net 
Work or otherWise, and can include input/ output devices, such 
as a keyboard, pointing device, display, printer and the like. 

Illustrated module 12 is an executable program (compiled, 
interpreted or otherWise) embodying the rules 18 and operat 
ing in the manner described herein for identifying subsets of 
directed graphs. In the illustrated embodiment, module 12 is 
implemented in Jess (Java Expert System Shell), a rule-based 
expert system shell, commercially available from Sandia 
National Laboratories. HoWever it can be implemented using 
any other “expert system” engine, if-then-else netWork, or 
other softWare, ?rmWare and/ or hardWare environment 
(Whether or not expert system-based) suitable for adaptation 
in accord With the teachings hereof. 
The module 12 embodies the rules 18 in a netWork repre 

sentation 14, e.g., an if-then-else netWork, or the like, native 
to the Jess environment. The netWork nodes are preferably 
executed so as to effect substantially parallel operation of the 
rules 18, though they can be executed so as to effect serial 
and/or iterative operation as Well or in addition. In other 
embodiments, the rules are represented in accord With the 
speci?cs of the corresponding engine, if-then-else netWork, 
or other softWare, ?rmWare and/or hardWare environment on 
Which the embodiment is implemented. These likeWise pref 
erably effect parallel execution of the rules 18, though they 
may effect serial or iterative execution instead or in addition. 
The data set 10 is a directed graph, e.g., a collection of 

nodes representing data and directed arcs connecting nodes to 
one another. As used herein, a node at the source of an arc is 

referred to as an “ancestor” (or “direct ancestor”), While the 
node at the target of the arc is referred to herein as a “descen 
dent” (or “direct descendent”). In the illustrated embodiment, 
each arc has an associated type or name, e. g., in the manner of 
predicates of RDF triplesiWhich, themselves, constitute 
and/or form directed graphs. 
By Way of example, in addition to RDF triples, the data set 

10 can comprise data structures representing a meta directed 
graph of the type disclosed in copending, commonly assigned 
US. patent application Ser. No. 10/138,725, ?led May 3, 
2002, entitled “Methods AndApparatus forVisualiZing Rela 
tionships Among Triples of Resource Description Frame 
Work (RDF) Data Sets, e.g., at FIG. 4A-6B and accompany 
ing text, all of Which incorporated herein by reference. 

Alternatively or in addition, the data set 10 can comprise 
RDF triples of the type conventionally knoWn in the art and 
described, for example, in Resource Description Framework 
(RDF) Model and Syntax Specification (Feb. 22, 1999). 
Brie?y, RDF is a Way of expressing the properties of items of 
data. Those items are referred to as subjects or resources. 
Their properties are referred to as predicates. And, the values 
of those properties are referred to as objects. In RDF, an 
expression of a property of an item is referred to as a triple, a 
convenience re?ecting that the expression contains three 
parts: subject, predicate and object. Subjects can be anything 
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that is described by an RDF expression. A predicate identi?es 
a property of a subject. An object gives a “value” of a property. 
Objects can be literals, i.e., strings that identify or name the 
corresponding property (predicate). They can also be 
resources. 

The data set 10 may be stored on disk for input to module 
12. Alternatively, or in addition, the data set may be a data 
?oW, e.g., a stream of data (real-time or otherWise) originating 

6 
the same criteria is applied. Further, the criteria 16 can be 
generated via dynamically, e.g., via other software (or hard 
Ware) applications. 

Rules 18 de?ne the tests for identifying data in the data set 
20 that match the criteria or that are related thereto. These are 
expressed in terms of the types and values of the data items as 
Well as their interrelationships or connectedness. 

Rules applicable to a data set comprised of RDF triples can 
be expressed as folloWs: 

Rule No. Purpose Rule 

0 (“Criteria Rule”) 

1 (“Sibling Rule”) 

2 (“Ancestor Rule”) 

3 (“Descendent 
Rule”) 

Match criteria to triples in 
data set 

If triple’s object is a literal, identify triple 
as related if both triple’s predicate and the 
object match those speci?ed in the crite 
ria. 
Iftriple’s object is a resource, identify 
triple as related if triple’s predicate 
matches that speci?ed in criteria, if any, 
and iftriples object matches that speci?ed 
in criteria. 
Identify as related a triple that shares the 
same subject (i.e., siblings), except those 
siblings that have the same predicate as 
that speci?ed in the criteria. 
Identify as related a triple that is a direct 
ancestor of a triple identi?ed by any of the 
other rules and that is not in substantial 
con?ict With the criteria; 
For purposes hereof, a triple Whose object 
is the subject ofanother triple is deemed a 
direct ancestor of that other triple; a triple 
Whose subject is the object ofanother 
triple is deemed a direct descendent of 
that other triple. 
Identify as related a triple (hereinafter 
“identi?ed descendent”) that is a direct 
descendent of a triple (hereinafter “iden 
ti?ed ancestor”) identi?ed as related by 
any of the other rules and Which identi?ed 
descendent 
(a) is not associated With the identi 
?ed ancestor via a predicate sub 
stantially matching a predicate 
named in the criteria, if any, and 
(b) is not in substantial con?ict With 
the criteria; 
(0) is not associated With the identi 
?ed ancestor via a predicate 
matching a predicate by Which the 
identi?ed ancestor is associated 
With a triple, if any, as a result of 
Which the identi?ed ancestor Was 
identi?ed during execution of the 
Ancestor Rule. 

Find as related other 
triples at the same level 

Walk up the directed 
graph to ?nd valid triples. 

Walk doWn the directed 
graph to ?nd valid triples. 

from e-commerce, point-of-sale or other transactions or 
sources (Whether or not business- or enterprise-oriented). 
Moreover, the data set may comprise multiple parts, each 
operated on by module 12 at different timesifor example, a 
?rst part representing a database and a second part represent 
ing updates to that database. 

Criteria 16 contains expressions including, for example, 
literals, Wildcards, Boolean operators and so forth, against 
Which nodes in the data set are tested. In embodiments that 
operate on RDF data sets, the criteria can specify subject, 
predicate and/or object values or other attributes. In embodi 
ments that operate on directed graphs of other types other 
appropriate values and attributes may be speci?ed. Criteria 
can be input by a user, e.g., from a user interface, e.g., on an 
ad hoc basis. Alternatively or in addition, they can be stored 
and re-used, such as Where numerous data sets exist of Which 
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As used above and throughout “substantial con?ict” means 
con?ict that is direct or otherWise material in regard to deter 
mining related data vis-a-vis the use for Which the invention 
is employed (e.g., as determined by default in an embodiment 
and/or by selection made by a user thereof). By Way of non 
limiting example, for some uses (and/or embodiments) dif 
ferences of any sort betWeen the object of an RDF triple and 
that speci?ed in a criteria are material, While for other uses 
(and/ or embodiments) differences With respect to suf?x, case 
and/or tense are immaterial. Those skilled in the art Will 
appreciate that for other uses and/or embodiments, factors 
other than suf?x, case and/or tense may be used in determin 
ing materiality or lack thereof. 

Rules applicable to other directed graphs (e.g., not com 
prised of RDF triples) can be expressed as shoWn beloW. As 
noted above, these other directed graphs can include the 
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aforementioned meta directed graphs, by Way of non-limiting 
example. It Will be appreciated that the rules Which folloW are 
functionally equivalent to those expressed above. However, 
they take into that the data nodes in those other directed 
graphs may have attributes in addition to those represented in 
their connectedness to other data nodes. To this end, the 
aforementioned Sibling Rule is subsumed in those aspects of 
the rules that folloW Which call for testing each data node to 
determine Whether they con?ict With the criteria. 

8 
retrieval from disk, communication via netWork, or via any 
other technique capable of communicating a data set to a 
digital application. 

In step D, the module 12 uses the rules 18 to apply the 
criteria 16 to the data set 10. In the illustrated embodiment, by 
Way of non-limiting example, this step is executed via the 
netWork 14 con?gured (via the rules engine) in accord With 
the rules. In other embodiments, this step is executed via the 
corresponding internal representation of those rules. 

Rule No. Purpose Rule 

0 (“Criteria Rule”) Match criteria to Identify as related data substantially matching 
data in data set a criteria; 

1 (Ancestor Rule) Walk up the directed Identi?ed as related data that is a direct ances 
graph to ?nd valid tor of data identi?ed in any of these rules, and 
data that is not in substantial con?ict With the crite 

ria; 
2 (Descendent Rule) Walk doWn the Identify as related data (hereinafter “identi?ed 

directed graph to descenden ”) that is a direct descendent of 
?nd valid data data (hereinafter “identi?ed ancestor”) identi 

?ed as related in any ofthese rules, and Which 
identi?ed descendent: 
(a) Does not have a named relationship With 
the identi?ed ancestor substantially matching 
a relationship named in the criteria, if any, 
and 
(b) Is not in substantial con?ict With the crite 
ria; and 
(0) Does not have a named relationship With 
the identi?ed ancestor matching a relationship 
the identi?ed ancestor has With a data, if any, 
as a result of Which the identi?ed ancestor 
Was identi?ed during execution of Rule 1. 

Referring to back to FIG. 1, the related data 20 output or 
otherWise generated by module 12 represents those nodes or 
triples identi?ed as “related” during exercise of the rules. The 
data 20 can be output in the same form as the input data or 
some alternate form, e.g., pointers or other references to 
identi?ed data Within the data set 10. In some embodiments, 
it can be displayed via a user interface or printed, or digitally 
communicated to further applications for additional process 
ing, e.g., via a netWork or the Internet. In one non-limiting 
example, the related data 20 can be used to generate mailings 
or to trigger message events. 

In operation, the module 12 is loaded With rules 18. In the 
illustrated embodiment, this is accomplished via compilation 
of source code embodying those rules (expressed above in 
pseudo code) in the native or appropriate language of the 
expert system engine or other environment in Which the mod 
ule is implemented. See, step A. Of course, those skilled in the 
art Will appreciate that, alternatively, rules in source code 
format can be retrieved at run time and interpreted instead of 
compiled. 

The criteria 16 is then supplied to the module 12. See, step 
B. These can be entered by an operator, e.g., via a keyboard or 
other input device. Alternatively, or in addition, they can be 
retrieved from disk or input from another application (e.g., a 
messaging system) or device, e.g., via netWork, interprocess 
communication or otherWise. 

The data set 10 is applied to the module 12 in step C. The 
data set 10 can be as described above, to Wit, a RDF data set 
or other directed graph stored in a data base or contained in a 
data stream, or otherWise. The data set can be applied to the 
module 12 via conventional techniques knoWn in the art, e. g., 
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Triples (in the case of RDF data sets) or data (in the case of 
data sets comprising other types of directed graphs) identi?ed 
by the module as “related”imeaning, in the context hereof, 
that those triples match the criteria or are related theretoiare 
output as “identi?ed data” in Step D. As described above, the 
output can be a list or other tabulation of identi?ed data 20, or 
it can be a pointer or reference to that data, for example, a 
reference to a location Within the data set 10. 

In some embodiments, the output of identi?ed data 20 can 
be stored for future use, e.g., for use With a mail-merge or 
other applications. In other embodiments, it can be digitally 
communicated to other data base systems or information 
repositories. Still further, in some embodiments, it can be 
added to a data base containing other related data, or even 
replace portions of that data based. 
The table beloW lists a directed graphihere, the triples of 

an RDF data set4of the type suitable for processing by 
module 12 to identify data matching a criteria and related 
thereto. It Will be appreciated that in practice, directed graphs 
processed by module 12 may contain hundreds, thousands or 
more nodes, e.g., as Would be typical for an RDF set repre 
senting transactional and enterpri se-related data. Moreover, it 
Will be appreciated that the directed graphs and/or triples are 
typically expressed in a conventional data format (e. g., 
XML), or otherWise, for transfer to and from the module 12. 

Subject Predicate Object 

company://id#l 
company://id#4 
company://id#2 

customer 

customer 

customer 

company://id#3 
company://id#3 
company://id#3 
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-continued 

Subject Predicate Object 

company://id#1 employee Howard 
company://id#1 employee Alan 
company://id#1 CTO Colin 
company://id#2 employee David 
company://id#2 CTO Colin 

FIG. 2 is a graphical depiction of this directed graph, i.e., 
RDF data set. Per convention, subjects and resource-type 
objects are depicted as oval-shaped nodes; literal-type objects 
are depicted as rectangular nodes; and predicates are depicted 
as arcs connecting those nodes. 

FIG. 3 depicts application by module 12 of criteria on the 
data set shown in FIG. 2 using the above-detailed rules, spe 
ci?cally, those of the RDF type. The criteria is 
predicateICTO and object:Colin. The depiction is simpli?ed 
insofar as it shows execution of the rules serially: in practice, 
a preferred module 12 implemented in a rules engine (such as 
Jess) executes the rules in accord with the engine’s underly 
ing algorithm (e.g., a Rete algorithm as disclosed by Forgy, 
“Rete: A Fast Algorithm for the Many Pattern/Many Object 
Pattern Match,” Problem Arti?cial Intelligence, 19(1982) 
17-37, by http://herZbergca.sandia.gov/jess/docs/52/ rete 
.html; or other underlying algorithm). 

In a sequence of twelve frames, the depiction shows suc 
cessive identi?cation of triples as “related” (i.e., matching the 
criteria or related thereto) as each rule is applied or re-applied. 
The illustrated sequence proceeds from left-to -right then top 
to-bottom, as indicated by the dashed-line arrows. For sake of 
simplicity, the data set is depicted in abstract in each frame, 
i.e., by a small directed graph of identical shape as that of FIG. 
2, but without the labels. Triples identi?ed as related are 
indicated in black. 

Referring to the ?rst frame of FIG. 3, the module 12 applies 
the Criteria Rule to the data set. Because the company:// 
id#14CTOiColin triple matches the criteria (to repeat, 
predicateICTO and obj ect:Colin), it is identi?ed as “related” 
and marked accordingly. 

In the second frame, the module applies the Sibling Rule to 
?nd triples at the same level as the one(s) previously identi?ed 
by the Criteria Rule. In this instance, the company://id#1i 
employeeiHoward and company://id#14employeeiAlan 
triples are identi?ed and marked accordingly. 

In the third frame, the module applies the Ancestor Rule to 
walk up the directed graph to ?nd ancestors of the triples 
previously identi?ed as related. In this instance, the com 
pany:// id#3icustomer4company://id#1 triple is identi?ed 
and marked accordingly. 

In the fourth frame, the module applies the Descendent 
Rule to walk down the directed graph to ?nd descendents of 
the triples previously identi?ed as related. No triples are 
selected since both company://id#34customericompany:// 
id#2 and company://id#34customer4company://id#4 share 
the same predicate as company://id#3icustomer4com 
pany://id#1. Referring back to the detailed rules, company:// 
id#2, by way of example, is a direct descendent that has a 
predicate (to wit, customer) connecting it with its identi?ed 
direct ancestor (to wit, company://id#3) which matches a 
predicate that ancestor (to wit, company://id#3) has with a 
direct descendent (to wit, company://id#1) via which that 
direct ancestor (to wit, company:// id#3) was identi?ed during 
the execution of the Ancestor Rule. 

In frames 5-8, the module 12 reapplies the rules, this time 
beginning with a Criteria Rule match of company://id#2i 
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10 
CTOiColin. In frames 9-12, the module 12 ?nds no further 
matches upon reapplication of the rules. 

FIG. 4 parallels FIG. 3, showing however application by 
module 12 of the criteria predicate:employee and 
object:Alan to the data set of FIG. 2. Only eight frames are 
shown since module 12 ?nds no further matches during 
execution of the rules represented in the ?nal four frames. 
Of note in FIG. 4 is frame two. Here, application of the 

Sibling Rule by module 12 does not result in identi?cation of 
all of the siblings of company://id#liemployeeiAlan 
(which had been identi?ed as relevant in the prior execution 
of the Criteria Rule). This is because, one of siblings com 
pany://id#14employeeiHoward has the same predicate as 
that speci?ed in the criteria. Accordingly, that triple is not 
identi?ed or marked as related. 

FIG. 5 also parallels FIG. 3, showing however application 
by module 12 of the criteria resource:company.//id#1 to the 
data set of FIG. 2. Again, only eight frames are shown since 
module 12 ?nds no further matches during execution of the 
rules represented in the ?nal four frames. Of note in FIG. 5 is 
the identi?cations effected by speci?cation of a resource as a 
criteria. 
A further understanding of these examples may be attained 

by reference the Appendices A and B, ?led herewith, which 
provide XML/RDF listings of the data sets and criteria, and 
which also show rule-by-rule identi?cation or (“validation”) 
of the triples. 
Though the examples show application of the rules by 

module 12 to an RDF data set, it will be appreciated that 
alternate embodiments of the module can likewise apply the 
rules to data sets representing the meta directed graphs dis 
closed in copending, commonly assigned application US. 
patent application Ser. No. 10/138,725, ?led May 3, 2002, 
entitled “Methods And Apparatus for Visualizing Relation 
ships Among Triples of Resource Description Framework 
(RDF) Data Sets,” the teachings of which are incorporated 
herein by reference. 

Described above are methods and apparatus meeting the 
desired objects. Those skilled in the art will, of course, appre 
ciate that these are merely examples and that other embodi 
ments, incorporating modi?cations to those described herein 
fall within the scope of the invention, of which we claim: 
The invention claimed is: 
1. A method for identifying related triples in a resource 

description framework (RDF) data set, comprising 
A. executing, on a digital data processing system, with 

respect to the data set the sub-steps of 
(i) identifying as related a triple substantially matching a 

criteria; 
(ii) identifying as related a triple that is a direct ancestor 

of a triple identi?ed as related in any of sub-steps (i), 
(ii) and (iii), and that is not in substantial con?ict with 
the criteria, 
where a triple whose object is the subject of another 

triple is deemed a direct ancestor of that other 
triple, and, conversely, where a triple whose subject 
is the object of another triple is deemed a direct 
descendent of that other triple, 

wherein sub-step (iii) is de?ned below; 
(iii) identifying as related a triple (hereinafter “identi?ed 

descendent”) that is a direct descendent of a triple 
(hereinafter “identi?ed ancestor”) identi?ed as 
related in any of sub-steps (i), (ii) and (iii), and which 
identi?ed descendent 
(a) is not associated with the identi?ed ancestor via a 

predicate substantially matching a predicate named 
in the criteria, if any, and 



US 7,613,712 B2 
11 

(b) is not in substantial con?ict with the criteria; 
(c) is not associated with the identi?ed ancestor via a 

predicate matching a predicate by which the iden 
ti?ed ancestor is associated with a triple, if any, as 
a result of which the identi?ed ancestor was iden 
ti?ed during execution of sub-step (ii), 

(iv) identifying as related a triple that is a sibling of 
another triple identi?ed as related in sub-step (i) and 
that is not in substantial con?ict with the criteria, 
where triples that share a common subject are deemed 
siblings 

B. generating an indication of triples identi?ed as related in 
step (A), 

C. wherein the criteria speci?es a predicate and an object 
associated with that predicate, and wherein sub-step (ii) 
includes comparing at least one of the predicate and 
object speci?ed in the criteria with the direct ancestor in 
order to determine whether the direct ancestor is in sub 
stantial con?ict with the criteria. 

2. A method for identifying related triples in a resource 
description framework (RDF) data set, comprising 

A. executing, on a digital data processing system, with 
respect to the data set the sub-steps of 
(i) identifying as related a triple substantially matching a 

criteria; 
(ii) identifying as related a triple that is a direct ancestor 

of a triple identi?ed as related in any of sub-steps (i), 
(ii) and (iii), and that is not in substantial con?ict with 
the criteria, 
where a triple whose object is the subject of another 

triple is deemed a direct ancestor of that other 
triple, and, conversely, where a triple whose subject 
is the object of another triple is deemed a direct 
descendent of that other triple, 

wherein sub-step (iii) is de?ned below; 
(iii) identifying as related a triple (hereinafter “identi?ed 

descendent”) that is a direct descendent of a triple 
(hereinafter “identi?ed ancestor”) identi?ed as 
related in any of sub-steps (i), (ii) and (iii), and which 
identi?ed descendent 
(a) is not associated with the identi?ed ancestor via a 

predicate substantially matching a predicate named 
in the criteria, if any, and 

(b) is not in substantial con?ict with the criteria; 
(c) is not associated with the identi?ed ancestor via a 

predicate matching a predicate by which the iden 
ti?ed ancestor is associated with a triple, if any, as 
a result of which the identi?ed ancestor was iden 
ti?ed during execution of sub-step (ii), 

B. generating an indication of triples identi?ed as related in 
step (A), 

C. wherein the criteria speci?es a predicate and an object 
associated with that predicate, and wherein sub-step (ii) 
includes comparing at least one of the predicate and 
object speci?ed in the criteria with the direct ancestor in 
order to determine whether the director ancestor is in 
substantial con?ict with the criteria. 

3. A method for identifying related triples in a resource 
description framework (RDF) data set, comprising 

A. executing, on a digital data processing system, with 
respect to the data set the sub-steps of 
(i) identifying as related a triple substantially matching a 

criteria; 
(ii) identifying as related a triple that is a direct ancestor 

of a triple identi?ed as related in any of sub-steps (i), 
(ii) and (iii), and that is not in substantial con?ict with 
the criteria, 

12 
where a triple whose object is the subject of another 

triple is deemed a direct ancestor of that other 
triple, and, conversely, where a triple whose subject 
is the object of another triple is deemed a direct 

5 descendent of that other triple, 
wherein sub-step (iii) is de?ned below; 

(iii) identifying as related a triple (hereinafter “identi?ed 
descendent”) that is a direct descendent of a triple 
(hereinafter “identi?ed ancestor”) identi?ed as 
related in any of sub-steps (i), (ii) and (iii), and which 
identi?ed descendent 
(a) is not associated with the identi?ed ancestor via a 

predicate substantially matching a predicate named 
in the criteria, if any, and 

(b) is not in substantial con?ict with the criteria; 
(c) is not associated with the identi?ed ancestor via a 

predicate matching a predicate by which the iden 
ti?ed ancestor is associated with a triple, if any, as 
a result of which the identi?ed ancestor was iden 
ti?ed during execution of sub-step (ii), 

B. generating an indication of triples identi?ed as related in 
step (A), 

C. wherein the criteria speci?es a predicate and an object 
associated with that predicate, and wherein sub-step (iii) 
includes comparing at least one of the predicate and 
object speci?ed in the criteria with the identi?ed descen 
dent in order to determine whether the identi?ed descen 
dent ancestor is in substantial con?ict with the criteria. 

4. A method for identifying related triples in a resource 
30 description framework (RDF) data set, comprising 

A. executing, on a digital data processing system, the sub 
steps of 
(i) identifying as related a triple substantially matching a 

criteria; 
(ii) identifying as related a triple that is a direct ancestor 

of a triple identi?ed as related in any of sub-steps (i), 
(ii) and (iii), and that is not in substantial con?ict with 
the criteria, 
where a triple whose object is the subject of another 

triple is deemed a direct ancestor of that other 
triple, and, conversely, where a triple whose subject 
is the object of another triple is deemed a direct 
descendent of that other triple, 

wherein sub-step (iii) is de?ned below; 
(iii) identifying as related a triple (hereinafter “identi?ed 

descendent”) that is a direct descendent of a triple 
(hereinafter “identi?ed ancestor”) identi?ed as 
related in any of sub-steps (i), (ii) and (iii), and which 
identi?ed descendent 
(a) is not associated with the identi?ed ancestor via a 

predicate substantially matching a predicate named 
in the criteria, if any, and 

(b) is not in substantial con?ict with the criteria; 
(c) is not associated with the identi?ed ancestor via a 

predicate matching a predicate by which the iden 
ti?ed ancestor is associated with a triple, if any, as 
a result of which the identi?ed ancestor was iden 
ti?ed during execution of sub-step (ii), 

B. generating an indication of triples identi?ed as related in 
step (A), 

C. executing step (A) with respect to a ?rst data set of RDF 
triples, and 

D. executing step (A) separately with respect to a second, 
related data set of RDF triples, 

E. wherein the criteria speci?es a predicate and an object 
associated with that predicate, and wherein sub-step (ii) 
includes comparing at least one of the predicate and 
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object speci?ed in the criteria With the direct ancestor in 
order to determine Whether the direct ancestor is in sub 
stantial con?ict With the criteria. 

5. A method of claim 4, Wherein the second data set com 
prises an update to the ?rst data set. 

6. A method for identifying related triples in a resource 
description framework (RDF) data set, comprising 

A. executing, on a digital data processing system, With 
respect to the data set the sub-steps of 

(i) identifying as related a triple substantially matching a 
criteria; 

(ii) identifying as related a triple (hereinafter “identi?ed 
descendent”) that is a direct descendent of a triple 
(hereinafter “identi?ed ancestor”) identi?ed as 
related in any of sub-steps (i) and (ii), and Which 
identi?ed descendent 

(a) is not associated With the identi?ed ancestor Via a 
predicate substantially matching a predicate named 
in the criteria, if any, and 

(b) is not in substantial con?ict With the criteria; 
(c) is not associated With the identi?ed ancestor Via a 

predicate matching a predicate by Which the iden 
ti?ed ancestor is associated With a triple, if any, as 
a result of Which the identi?ed ancestor Was iden 

ti?ed as related, 

15 

20 

25 

14 
Where a triple Whose object is the subject of another 

triple is deemed a direct ancestor of that other 
triple, and, conversely, Where a triple Whose subject 
is the object of another triple is deemed a direct 
descendent of that other triple; 

B. generating an indication of triples identi?ed as related in 
step (A), 

C. Wherein the criteria speci?es a predicate and an object 
associated With that predicate, and Wherein sub-step (ii) 
includes comparing at least one of the predicate and 
object speci?ed in the criteria With the identi?ed descen 
dent in order to determine Whether the identi?ed descen 
dent is in substantial con?ict With the criteria. 

7. The method of claim 6, Wherein the data set comprises a 
data ?oW. 

8. The method of claim 7, Wherein the data ?oW comprises 
any of transactional information and enterpri se-related infor 
mation. 

9. The method of claim 6, comprising 
executing step (A) With respect to a ?rst data set of RDF 

triples, 
executing step (A) separately With respect to a second, 

related data set of RDF triples. 
10. The method of claim 9, Wherein the second data set 

comprises an update to the ?rst data set. 

* * * * * 
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